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Population pharmacokinetics of gentamicin in patients with cancer
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Aims The purpose of this study was to describe the population pharmacokinetics of
gentamicin in patients with cancer, to identify possible relationships between clinical
covariates and population pharmacokinetic parameter estimates and to examine the
relevance of existing dosage nomograms in light of the population model developed
in these patients.
Methods Data were collected prospectively from 210 patients with cancer and were
analysed with package NONMEM. Data were split into two sets: a population data
set and an evaluation set. Creatinine clearance was estimated using measured
creatinine concentrations and using ‘low’ creatinines set to a minimum of
60 mmol l−1, 70 mmol l−1 or 88.4 mmol l−1.
Results A two compartment model was fitted to the concentration-time curve.
Two best models were obtained, one that related clearance to estimated creatinine
clearance (minimum creatinine value 60 mmol l−1) and the other that related
clearance to age, creatinine concentration and body surface area. Volume of
the central compartment was influenced by body surface area and albumin concen-
tration. For both models 90% of measured concentrations lay within the 95% con-
fidence interval of the simulated concentrations and the mean prediction errors were
−7.2% and −6.6%, respectively. A final analysis performed in all patients
identified the following relationship CL (l h−1)=0.88 ×(1+0.043 ×creatinine
clearance) and central volume of distribution V 1 ( l)=8.59 ×body surface area
×(albumin/34)−0.39. The mean population estimate of intercompartmental clearance
(Q) was 1.30 l h−1 and peripheral volume of distribution (V 2) was 9.80 l. Coefficient
of variation was 18.5% on clearance and 28.2% on Q. Residual error expressed as a
standard deviation was 0.36 mg l−1 at 1.0 mg l−1 and 1.32 mg l−1 at 8.0 mg l−1.
The mean population estimate of clearance was 4.2 l h−1 and volume of distribution
(V ss) was 24.6 l (0.38 l kg−1). The mean population estimates of half-lives were
1.8 h and 8.0 h.
Conclusions In the context of published nomograms this analysis indicated that both
the traditional approach and the new, ‘once daily’ approach should achieve
satisfactory concentrations in cancer patients although serum concentration monitor-
ing is required to confirm optimal dosing in individual patients.
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of solid and haematological malignancies. Manny & Huston
Introduction

[3]) found a distribution volume for all aminoglycosides of
0.41 (0.13 l kg−1) while Higa & Murray [4] identified aGentamicin is an aminoglycoside antibiotic that is active

against gram-negative aerobic bacilli and is standard therapy volume of distribution 1.14 times and clearance 1.63 times
higher in cancer patients compared with the rest of thein the prophylaxis and treatment of gram-negative infections

[1]. Febrile neutropenic patients are at risk of developing population. More recently, Inciardi et al. [5] performed a
population pharmacokinetic study of gentamicin in canceroverwhelming septicaemia if not treated appropriately and

aminoglycosides in combination with beta-lactam antibiotics patients using a nonparametric expectaction maximization
(NPEM) algorithm and estimated volume of distribution toare the standard empirical therapy in many centres [1].

There is evidence that the efficacy of aminoglycosides in be 0.30 l kg−1. Similar results were found by Ordores et al.
[6]. Bertino et al. [7] compared the pharmacokinetics ofpatients with gram-negative bacteriaemia is influenced by

the early achievement of a high peak to MIC ratio [2]. gentamicin in 235 patients with malignancies with 645
patients with no malignancies and they found no differencesIncreased aminoglycoside volume of distribution and clear-

ance have been reported in adult patients with several types in volume or clearance. Although both recent chemotherapy
and neutropenia have been proposed as explanations for
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renal function and since gentamicin is eliminated almost The data were then split into two sets: a population data
set comprising two thirds of the data and a test data setexclusively by glomerular filtration, creatinine clearance

estimates are often employed to determine initial doses of comprising the remaining third. Patients were randomly
allocated to either the population or the test data set.gentamicin. There are several methods of estimating

creatinine clearance of which the most widely used is the
Cockcroft-Gault equation [8]. This equation was derived

Drug assay
from 249 male patients with stable renal function and it
relates creatinine clearance to age, weight, sex and creatinine Gentamicin serum concentrations were analysed by the

Microbiology Department of the West Glasgow Hospitalsconcentration. The factor for females was arbitrarily chosen.
However, there are limitations to the value of creatinine Trust using fluorescence polarization immunoassay (TDx,

Abbott Laboratories). The limit of quantification wasconcentration as a measure of glomerular filtration rate.
Creatinine is produced as a byproduct of muscle metabolism 0.1 mg l−1 and the interassay coefficients of variation were

6.3% at 1 mg l−1, 3.7% at 4 mg l−1 and 4.3% at 8 mg l−1.[9] and its formation can be affected by several disease states
and factors such as diet, exercise, age, and low muscle mass.
Under these circumstances clearance of creatinine estimated

Population analysis
from measured creatinine concentrations is a poor indicator
of renal function [10, 11]. The correction of the measured Data were entered into a spreadsheet package then analysed

with the population pharmacokinetic package NONMEMcreatinine concentration to a minimum of 88.4 mmol l−1

(1 mg dl−1) has been proposed by some investigators [11, (version IV) developed by Beal & Sheiner [18]. FORTRAN
subroutines were compiled using FORTRAN Power Station12] while others have found that 60 mmol l−1 is a useful

cut-off [13]. (version 1.0a, Microsoft Corporation). Both programs were
implemented on an Opus personal computer with a PentiumThe purpose of this study was to describe the population

pharmacokinetics of gentamicin in patients with cancer. In processor.
One and two compartment open models were fitted toaddition, since several factors have been shown to influence

the pharmacokinetics of gentamicin, the aim was to identify the gentamicin concentration-time data and the two
compartment model was parameterised to give estimates ofpossible relationships between clinical covariates and popu-

lation pharmacokinetic parameter estimates. Finally, this clearance (CL), central volume of distribution (V1), peri-
pheral volume of distribution (V2) and intercompartmentalstudy examines the relevance of existing dosage nomograms

in light of the population model developed in these patients. clearance (Q) using the ADVAN 3 and TRANS 4
subroutines.

A log normal distribution was assumed on intersubject
Methods

variability (g) and the pharmacokinetic parameters of the jth

subject (Pj) were therefore described by the following
Patients

equation:
Data were collected prospectively from January 1993 to

Pj=P×Exp (gpj )August 1996. Patients with cancer who received gentamicin
and had at least one measured serum gentamicin concen- where P represents the typical population values of clearance,

volume of the central compartment, intercompartmentaltration were eligible for inclusion in the study.
Gentamicin was administered intravenously either by a clearance and volume of the peripheral compartment and

gpj, are the differences between the population estimates andshort infusion over 10–30 min or as a slow bolus over
2–3 min. The exact times of all doses and blood samples the estimate for the jth subject. gs were assumed to be

Gaussian distributed with mean zero and variance v
2
g.were recorded as part of the routine drug monitoring and

entered into the database. Initial dosage regimens were The following residual error models were compared:
calculated according to the patient’s renal function [14] and

Yij=Cij+eij additive error
adjusted to achieve peak concentrations (1 h post dose) of
8–12 mg l−1 and troughs <2 mg l−1. For each patient the Yij=Cij (1+eij ) proportional error
following information was also collected: gender; weight;

Yij=Cij Exp (e1ij )+e2ij combined error
age; height; creatinine; urea; albumin; platelets; haemoglobin;
white cell count; and temperature. Biochemical and haema- where Cij are the predicted and Yij the measured concen-

trations of the jth individual at the ith sampling time and eijtological factors, and temperature, were generally checked
daily during therapy. Patients were classified as obese if the are the residual errors. Residual errors (e) represent the

differences between the model and the data and containactual body weight exceeded the ideal body weight by 20%
and pyrexia was defined as a temperature equal to or above contributions from intraindividual variability, assay error and

model misspecification. e are assumed to follow a normal38° C. Additional clinical factors such as ideal body weight
[15], body surface area [16], body mass index, and lean body distribution with a mean of zero and a variance s

2
e.

A stepwise approach was used to analyse the data.mass [17] were determined. The measurement of creatinine
concentration closest in time to each measured gentamicin Exploratory analysis was first carried out to examine

distributions of covariates and identify any abnormalities inconcentration was used to estimate creatinine clearance.
Patients with missing clinical, dosage or sampling data and clinical factors. Pearson correlation coefficients were calcu-

lated to identify associations among covariates that mightpatients with rapidly changing renal function were excluded
from the study. influence the model.
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The best structural and variance model was then used to was used to test whether the mean prediction error was
significantly different from zero, with statistical significancegenerate individual Bayesian parameter estimates of clearance

and volume using the POSTHOC option in NONMEM. set at P<0.05.
The models and parameter estimates that describedScatter plots were then examined of pharmacokinetic

parameters against the following covariates: age; gender; interindividual variability and residual error were evaluated
by simulating 1000 concentrations for each measuredweight; height; ideal body weight; creatinine concentration;

urea concentration; albumin concentration; white cell count, concentration in the test data set using the population model
and parameter estimates. The probability that a measuredhaemoglobin; platelet count; temperature; obesity; lean body

mass; body mass index and body surface area. Similar scatter concentration lay within the 2.5–97.5 percentile range of
the simulated concentration was calculated for each individ-plots were also produced using weighted residuals (WRES).

Covariates identified by this preliminary analysis were ual then a mean was determined for the whole test data set.
If the variance model adequately described the data, 95% ofthen investigated using NONMEM. Each was included in

the clearance model separately then the one that caused the the measured concentrations should lie within this range.
greatest fall in objective function was retained and others
were added sequentially until the best model was obtained.

Dosage guidelines
Central volume of distribution (V1) peripheral volume (V2)
and intercompartmental clearance (Q) were examined using The best model was used to estimate parameters for the full

data set formed by merging the population and test dataa similar approach then a step-down removal of each factor
was carried out on the full model. sets. The results of this analysis were then used to predict

the concentration-time profile in simulated patients whoThe influence of low creatinine concentrations was
investigated by deriving three new covariates corresponding were aged 50 years, weighed 70 kg, had heights of 1.70 m

and albumin concentrations of 40 g l−1. Two creatinineto three different minimum or ‘threshold’ creatinine values
as follows: concentrations were used, which corresponded to creatinine

clearances of 25 ml min−1 and 105 ml min−1. One thousand(i) All creatinine concentrations less than or equal to
60 mmol l−1 were set to 60 mmol l−1 (the lower limit of the simulations were performed for each simulated patient,

and the median (25–75 percentile range) concentration-reference range used in the hospital).
(ii) All creatinine concentrations less than or equal to time profiles were determined according to two published

nomograms: one that used a ‘once daily’ regimen [19] and70 mmol l−1 were set to 70 mmol l−1 (an arbitrary intermedi-
ate value). one based on traditional target ranges [14].

(iii) All creatinine concentrations less than or equal to
88.4 mmol l−1 were set to 88.4 mmol l−1 (equivalent to

Results
1 mg dl−1 as recommended in references 11 and 12).

Models were compared by examining residual plots, the
Patients

precision of parameter estimates, intersubject and residual
variability and the value of the objective function. A Data were collected from 210 patients of whom 140 were

allocated to the population data set and 70 to the test set.reduction in the objective function (−2 log likelihood
difference), between a full and reduced model of more than The dosing history, time of blood sampling and measured

concentrations were recorded in addition to the demographic7.9 was considered statistically significant with P<0.005
and one degree of freedom. and clinical characteristics summarized in Table 1. Eighteen

percent of measured concentrations were from obese patients
and median ideal body weight was 59.2 kg, (rangeModel evaluation
38.0–82.2 kg). The median body surface area was 1.7 m2

(range 1.3–2.3 m2).Evaluation of the models obtained from the population
analysis was performed using the test data set. Only the first Individual gentamicin doses ranged from 40 mg to 300 mg

and the sampling times from 1 to 26 h after the dose. Threeset of concentration measurements was used in the evaluation
since in clinical practice population estimates are only used hundred and seventy-eight concentrations were available for

analysis, ranging from 0.1 mg l−1–13.5 mg l−1 with ato determine initial doses and thereafter individualised
estimates based on measured concentrations are used to median of 1.6 mg l−1. The number of concentrations varied

from 1 to 9 per patient, except for three patients who hadadjust dosage regimens.
Concentrations were predicted for each patient at each several different courses of treatment which generated 14,

17 and 22 measurements. Fifty-seven percent of thesampling time using the dosing history and relevant clinical
data. Prediction errors were then calculated to evaluate how measured concentrations were troughs and 92% were

measured within the first 7 days of therapy.well the population model predicted the measured concen-
trations. These prediction errors were obtained by subtracting
the measured concentrations from the predicted concen-

Data analysis
trations and were defined as percentage prediction error as
follows: The two compartment model was found to be superior to

the one compartment model. There was a log likelihood
%PEij=(Cij–Yij )*100/Cij difference of 86.3 and an improvement in the plot of

weighted residuals against time post-dose. The one compart-where Cij is the jth predicted concentration in ith individual
and Yij is the measured concentration. An unpaired t-test ment model produced a trend towards overestimation of
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Table 1 Summary of demographic and
clinical characteristics of patients
included in the study.

Population data set Test set
n=140 n=70

Median (range) Median (range)
Reference or number (%) of or number (%) of

range patients/samples patients/samples

Females 70 (50%) 42 (60%)
Age (years) 50 (15–81) 53 (14–77)
Weight (kg) 66 (38–117) 65 (38–95)
Height (cm) 170 (146–188) 165 (147–188)
Urea (mmol l−1) 2.5–6.7 4.5 (0.8–22.1) 3.9 (1.1–17.0)
Creatinine (mmol l−1) 60–110 71 (26–258) 74 (38–292)
Creatinine clearance (ml min−1)a 89.7 (22.9–319.7) 77.2 (15.8–213.9)
Creatinine clearance (ml min−1)b 86.1 (22.9–183.7) 74.9 (15.8–179.1)
Albumin (g l−1) 36–50 34.0 (17.0–53.0) 33.5 (18.0–52.0)
White cell count (×109 l−1) 4.1–11 0.8 (0.04–194.1) 1.1 (0.1–57.0)
Haemoglobin (g dl−1) 13–18 10.4 (5.6–16.1) 10.3 (6.7–15.4)
Platelets (×109 l−1) 150–400 52 (2–670) 79 (4–883)
Temperature >38° C 84 (22.2%) 36 (18.2%)

aCalculated by Cockcroft Gault equation [8]; bcreatinine concentrations <60 mmol l−1 set to
60 mmol l−1.

concentrations at early time points and underestimation at micin clearance, a linear relationship was found between
volume of the central compartment and body surface arealater times. In contrast, no pattern was observed with the

two compartment model. The combined residual error (or lean body mass) and a nonlinear relationship with
albumin (model 8, Table 2). BSA was chosen for inclusionmodel was superior to both the additive and proportional

models. This basic model yielded a mean population in the model as a measure of body size because it was
superior to weight and is widely used in oncology. Noclearance estimate of 4.39 l h−1, V1 of 13.9 l, V2 of 13.4 l

and an intercompartmental clearance of 2.21 l h−1. The covariates were found that influenced V2 and Q. The
comparison of creatinine clearance models produced theintersubject variability was 33.9% on CL and 15.5% on V1

but the intersubject variabilities on Q and V2 were very low results shown in Table 2 and the results of the clinical factors
approach are presented in Table 3. The best clinical factorswith wide standard errors, i.e. indeterminate. The standard

deviations of the residual error were 0.38 mg l−1 at 1 mg l−1 model contained body surface area, creatinine concentration,
age and albumin concentration (model 19, Table 3). As BSAand 1.17 mg l−1 at 8 mg l−1.

Correlation analysis revealed no unexpected relationships gave the same results as height and weight, but required
one less parameter, BSA was chosen as the covariate. A stepamong covariates that might have confounded the analysis.

Possible relationships between POSTHOC clearance and down analysis confirmed the influence of each covariate in
the final model. No significant improvement in fit wasage, ideal body weight, weight, lean body mass, height,

gender, body surface area, urea, creatinine concentration obtained with the addition of pyrexia, obesity or gender to
either of the full models.and creatinine clearance were identified from scatter plots.

Haematological indices (haemoglobin, white cell count, The results obtained using three different minimum
creatinine concentrations are presented in Table 4. With theplatelet count) showed no obvious trends nor did the

presence or absence of pyrexia. Volume of distribution
tended to increase with indices of body size: weight; height;

Table 2 Summary of the principal models investigated using
body surface area; and lean body mass, and decrease with creatinine clearance estimates.
serum albumin concentration.

Analysis of single covariates by NONMEM identified Model Clearance (CL ) Volume (V1) OBJ
weight, age, height, ideal body weight, albumin, urea,

1 h1 h2 238.3creatinine clearance, gender, body surface area and lean
2 h1 (1+h3 ACL) h2 115.2body mass as influencing clearance. These preliminary results
3 h1 (1+h3 ACL) h2 (ALB/34)h4 104.5identified two approaches that could be used for model
4 h1 (1+h3 ACL) h2 Wt 107.4development. The first involved building the model from
5 h1 (1+h3 ACL) h2 IBW 90.1an estimate of creatinine clearance calculated from age,
6 h1 (1+h3 ACL) h2 LBM 92.5weight, creatinine concentration and gender (the creatinine
7 h1 (1+h3 ACL) h2 BSA 91.9

clearance approach). The second approach used the individ-
8 h1 (1+h3 ACL) h2 BSA ALB/34h4 73.9

ual and easily measurable clinical characteristics such as age,
weight, height and serum creatinine concentration (the BSA=body surface area; LBM=Lean body mass; Wt=weight; ACL=
clinical factors approach). Creatinine Clearance; ALB=Albumin; IBW=Ideal body weight; OBJ=

With the creatinine clearance approach, in addition to a Objective function value. h1, h2, h3, and h4 represent the parameters
estimated by the population analysis.linear relationship between creatinine clearance and genta-
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Table 3 Summary of the principal models investigated using
clinical factors.

Model Clearance (CL ) Volume (V1) OBJ

9 h1 h2 238.3
10 h1 (Age/46)h3 h2 202.0
11 h1 (ACR/71)h3 h2 171.1
12 h1 (ACR/71)h3 (Age/46)h3 h2 133.5
13 h1 Wt (ACR/71)h3 (Age/46)h4 h2 113.5
14 h1 IBW (ACR/71)h3 (Age/46)h4 h2 100.1
15 h1 LBM (ACR/71)h3 (Age/46)h4 h2 94.2
16 h1 BSA (ACR/71)h3 (Age/46)h4 h2 95.9
17 h1 BSA (ACR/71)h3 (Age/46)h4 h2 (ALB/34)h5 83.6
18 h1 BSA (ACR/71)h3 (Age/46)h4 h2 BSA 72.1
19 h1 BSA (ACR/71)h3 (Age/46)h4 h2 BSA (ALB/34)h5 52.9
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BSA=Body surface area; LBM=Lean body mass; Wt=Weight; ACR=
Figure 1 Measured concentrations ($), population predictedCreatinine concentration; ALB=Albumin; IBW=Ideal body weight;
concentrations (#) and 2.5–97.5 percentile range of 1000OBJ=Objective function value; h1, h2, h3, h4, and h5 represent the
simulations in the test data set.parameters estimated by the population analysis.

concentration was 0.9 for both models. Figure 1 shows theTable 4 Results obtained using various creatinine concentration
2.5–97.5 percentile range of the simulated concentration forlimits in the full models.
each data point for all patients with peak and trough

Creatinine concentrations.
Model (see concentration
Tables 3 and 4) Clearance model (mmol l−1) OBJ

Dosage guidelines
8 Creatinine clearance measured 73.9 The parameters obtained by fitting the full data set are
8a Creatinine clearance <60 set to 60 32.0 shown in Table 5. Models 8a and 19b, (Table 4) gave similar
8b Creatinine clearance <70 set to 70 28.9

results, but due to its simplicity, the model based on
8c Creatinine clearance <88.4 set to 88.4 61.0

creatinine clearance (using creatinine concentrations set to19 Creatinine, BSA, Age measured 52.9
60 mmol l−1) was selected for the evaluation of dosage19a Creatinine, BSA, Age <60 set to 60 24.5
guidelines arising from two nomograms. Figure 2 shows the19b Creatinine, BSA, Age <70 set to 70 17.9
population mean concentration-time profiles and the 25–7519c Creatinine, BSA, Age <88.4 set to 88.4 31.6
percentile range when the dosage guidelines were followed

BSA—Body surface area; OBJ—objective function value. in two sets of 1000 simulated patients, one with normal
renal function and one with renal impairment.

creatinine clearance model there was no major difference
between using a lower value of 60 mmol l−1 or 70 mmol l−1

Discussion
(they were associated with a drop in objective function of
42 and 45, respectively) but both were superior to Although the pharmacokinetics of the aminoglycoside

antibiotic gentamicin have been extensively studied, only88.4 mmol l−1 (associated with a drop of only 12.9) and
with no minimum. In contrast, 70 mmol l−1 proved the limited and conflicting data have been published on the

most appropriate pharmacokinetic model. For example, aoptimal minimum with the clinical factor model (improve-
ment in objective function of 35). The weighted residuals one compartment model is usually assumed in clinical

settings but several studies have found that gentamicinplots were consistent with these results.
Comparison of the two best models (model 8a and 19b— pharmacokinetics are better described by a two or three

compartment model [20–22]. Furthermore, with particularTable 4) by examination of the plots and by the error
associated with the parameter estimates allowed no firm respect to patients with cancer, there are conflicting reports

about the magnitude of the volume of distribution. In thisconclusion to be drawn.
study, the pharmacokinetics of gentamicin in patients with
cancer have been investigated and characterized using a

Model evaluation
population approach applied to data collected during routine
therapeutic drug monitoring.The data set used in the evaluation included 70 patients and

132 concentrations. Table 1 shows the demographic charac- The population mean clearance estimate was 4.2 l h−1

which is consistent with 4.6 l h−1/1.73 m2 reported byteristics of this group of patients.
The mean percentage prediction error was −7.2% for Bertino et al. [7]. As expected, estimated creatinine clearance

and serum creatinine concentration were the covariates thatthe model based on creatinine clearance and −6.6% for the
model based on clinical factors. There was no bias in the had the strongest influence on gentamicin clearance.

However, the relatively high intercept obtained is probablyprediction errors. The probability that a measured concen-
tration lay within the 2.5–97.5 percentile of the simulated because few patients had creatinine clearance estimates
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Table 5 Parameter estimates from the two best models using the 88.4 mmol l−1 was too high, however, better than using the
full data set (n=210). measured creatinine concentration.

The influence of gender on gentamicin clearance remains
CL=h1*(CR70/71)h5* unclear. Cockcroft & Gault [8] suggested a correction factor

CL=h1(1+h5*CLcr60) (age/46)h6*BSA of 0.85 for women but this value was chosen arbitrarily.
V1=h2*BSA(alb/34)h6 V1=h2*BSA*(alb/34)h7

Phillips et al. [24] suggested that adjustment for gender was
not necessary. In the present study gender included as aParameter Estimate Parameter Estimate
single covariate was associated with a significant influenceCL h1 0.88 h1 2.46
on clearance but, in the final clinical factors model, theh5 0.043 h5 −0.78
influence of gender was not significant. One possibleh6 −0.33

V1 h2 8.59 h2 8.52 explanation is that any gender difference in clearance is
h6 −0.39 h7 −0.40 already taken into account via the differences in body

Q h3 1.30 h3 1.34 surface area.
V2 h4 9.79 h4 9.05 Gentamicin volume of distribution in oncology patients
Interpatient variability remains the subject of debate. It is often reported to range
CVvCL (%) 18.5 19.6 between 0.25 and 0.31 l kg−1 in adults from a general
CVvQ (%) 28.2 30.1

population [25, 26] whereas in cancer patients an increased
Residual variability

volume of distribution in the range 0.38 l kg−1– 0.43 lerror 1 0.0251 0.0252

kg−1 has been reported [24, 27, 28]. In contrast, however,error 2 0.1071 0.1022

Bertino et al. [7] performed a study in 235 cancer patientsDerived parameters
and found a mean volume of distribution of 0.35 l kg−1

CL (l h−1) 4.2 4.1
Vss ( l kg−1) 0.38 0.38 compared with 0.34 l kg−1 for the control group. These
t1/2,i1(h) 1.8 1.7 authors concluded that the volume of distribution of
t1/2,z(h) 8.0 7.5 gentamicin was not increased in patients with cancer. More

recently, MacGowan et al. [22] reported a volume of
alb—albumin; BSA—body surface area; CL—clearance; V1—central distribution of 24.5 l in patients with haematological
volume of distribution V2—peripheral volume of distribution; v– malignancies. In our study the value of 0.38 l kg−1,
variance of interpatient variability; t1/2—half life; h1, h2, h3, h4, h5, h6

equivalent to 24.6 l, is consistent with the values reported
and h7 are the parameters estimates by the population analysis; CLcr60—

by both Bertino et al. [7] and MacGowan et al. [22] increatinine clearance with creatinine concentrations <60 mmol−1 set to
similar patients. However, the differences in volume of60 mmol l−1; CR70—creatinine concentrations with concentrations
distribution in the published literature may simply reflect<70 mmol l−1 set to 70 mmol l−.
different sampling protocols and the application of different1corresponds to a standard deviation of 0.36 mg l−1 at 1 mg l−1 and

1.32 mg l−1 at 8 mg l−1; 2corresponds to a standard deviation of pharmacokinetic models.
0.36 mg l−1 at 1 mg l−1 and 1.30 mg l−1 at 8 mg l−1. Significant relationships were found between volume of

the central compartment (V1), measures of body size (IBW,
LBM, Wt and BSA) and serum albumin concentration. A
relationship between low serum albumin and volume of<30 ml min−1. It is therefore important that these results

are not extrapolated to patients with very poor renal function distribution was also reported by Etzel et al. [29] and, in a
study of amikacin in cancer patients, Davis et al. [28]in whom gentamicin clearance might be overestimated. The

use of estimated creatinine clearance as a measure of renal detected a significant influence of albumin on volume of
distribution. In contrast, Phillips et al. [24] found nofunction has some limitations, especially with low serum

creatinine concentrations, and to overcome this problem influence of albumin on volume of distribution but they
did not report the range of albumin concentrations in theirsome authors have recommended the use of a creatinine

concentration corrected to 88.4 mmol l−1 (1 mg dl−1) for study. Since low serum albumin concentrations have been
shown to alter intra- and extra-cellular fluid distributions,concentrations less than or equal to 88.4 mmol l−1 [11, 12].

However, other authors feel this might lead to underdosing leading to an expanded extracellular fluid volume, the low
range of values in the present study may have favoured theof some patients [10, 23]. Duffull et al. [13] found that a

better prediction of clearance was obtained when all serum identification of the influence of albumin on the volume of
distribution. In our study volume of distribution rangedcreatinine values below 60 mmol l−1 were set to 60 mmol −1.

In our institution, values of creatinine concentration from 0.55 to 0.35 l kg−1 with albumin concentrations of
17 g l−1–53 g l−1.less than 60 mmol l−1 are set to 60 mmol l−1 (the lower

limit of the reference range) for estimating gentamicin Gentamicin concentration-time profiles are often charac-
terized by two compartment models and in the presentclearance and calculating dosage recommendations. The

present study investigated the consequences of setting low study the half-life for the initial phase was 1.7 h (range
0.8–3.8 h), which is similar to previous observations [20–22,creatinine concentrations to 60 mmol l−1, 70 mmol l−1 or

88.4 mmol l−1. There was little difference using creatinine 30, 31]. However, the half-life of the late phase was found
to be 8.0 h (3.7–17.8) which is significantly shorter than inconcentration set to 60 mmol l−1 or 70 mmol l−1 when the

creatinine clearance model was applied (model 8), whereas other reports. Laskin [20], for instance, identified a terminal
elimination half-life of 94 h, although this only becamefor the model including clinical values (model 19) the best

fit was obtained when low creatinine concentrations were dominant 12 h after administration of gentamicin. In
contrast, Aarons et al. [30] reported a much shorter terminalset to 70 mmol l−1 (Table 4). With both models the value
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Figure 2 Simulated mean and the 50% interquartile range of the concentration-time profile obtained using the best model with two
different nomograms. Panel a—‘Once daily’ nomogram [19], patient with creatinine clearance 105 ml min−1; b—Once daily nomogram
[19], patient with creatinine clearance 25 ml min−1; c—Traditional nomogram [14], patient with creatinine clearance 105 ml min−1;
d—Traditional nomogram [14], patient with creatinine clearance 25 ml min−1.

half-life of 26.6 h for the related aminoglycoside tobramycin and it is likely that these data points contributed to the high
variability observed.but, according to these authors, limitations of their study

design prevented identification of the long-terminal elimin- It has been shown that high gentamicin peak concen-
trations are associated with a better outcome and that targetation phase. A similar limitation probably applies to our

results: a long-terminal half-life was not identified because peak serum gentamicin concentrations should ideally be
above 7 mg l−1 [2]. The dosage regimen recommended71% of the concentrations were measured in the first 12 h

post dose and only two patients had concentrations taken using the traditional nomogram [14] yielded serum genta-
micin concentrations within the target range (peak greater25 h after the gentamicin administration. As our data were

collected during the first few days of routine monitoring, than 7 mg l−1 and trough less than 2 mg l−1) for patients
with normal renal function (Figure 2, panel c). However, intissue accumulation would have been incomplete and the

protracted elimination phase would not have been appropri- renal impairment, the mean peak concentration obtained
from dosage regimens derived from the traditional nomo-ately characterized. Lack of data at later times post dose

probably also contributed to the inability to estimate gram [14] was slightly lower than ideal (between 6 and
7 mg l−1 as shown in Figure 2 panel d). Target concen-intersubject variability on Q and V2.

The large residual error corresponding to a standard trations for the high dose regimen have not yet been
established but very high peaks and low troughs should bedeviation of about 0.36 mg l−1 at low concentration values

(1 mg l−1) contrasts with the lower residual error, a standard obtained in patients with both normal and impaired renal
function (Figure 2 panels a and b).deviation of 1.32 mg l−1 obtained at high concentrations

(8 mg l−1). Large residual errors may reflect poor assay In conclusion, this NONMEM analysis has shown that
creatinine clearance estimated from creatinine concentrationsperformance and precision at low concentrations [32]

although the assay standard deviation in this case was only was associated with a better fit when low values were set to
60 or 70 mmol l−1 rather than using the measured creatinine0.06 mg l−1 at 1 mg l−1. Examination of the data identified

a few patients in whom trough concentrations were concentration. Volume of distribution was similar to values
estimated by other authors and was influenced by bodyunexpectedly higher or lower than predicted by the model
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